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MODULATOR DEVICE FOR GENERATING
AN OPTICAL TRANSFER SIGNAL
MODULATED BY BINARY SIGNAL

CLAIM FOR PRIORITY

This application 1s a national stage application of PCT/
EP2007/052003, filed Mar. 2, 2007, which claims the benefit
of priority to German Application No. 10 2006 009 990.7,
filed Mar. 3, 2006, the contents of which hereby incorporated
by reference.

TECHNICAL FIELD OF THE INVENTION

The invention relates to a modulator device for generating,
an optical transfer signal modulated by a binary signal.

BACKGROUND OF THE

INVENTION

A laser having a downstream amplitude modulator (inten-
sity modulator) generates an optical spectrum with a spectral
line at the carrier frequency and a bandwidth which 1s wider
than the bandwidth of the information signal. Such an emis-
s10n spectrum reduces the amount of information which can
be transferred overall in a wavelength-division multiplex sys-
tem. On account of the non-linear properties of the transmis-
sion fiber, a wider bandwidth results in greater distortion of
the transter signal. One method for reducing the bandwidth 1s
duobinary coding. Such a method 1s described 1n IEEE Pho-
tonics Technology Letters, 1998, Vol. 10, Issue 8, pp. 1159-
1161: “Prechirped Duobmary Modulatlon by A. Djupsjo-
backa (Ericsson Components, Sweden). However, this type
of coding 1s very complicated.

SUMMARY OF THE INVENTION

The invention discloses a modulation device which can be
implemented 1n a stmple manner and 1s intended to generate
a high-quality transfer signal.

One advantage of the invention 1s that the optical carrier
signal 1s frequency-modulated such that the optical carrier 1s
suppressed at least to a large extent. The drive signal for the
frequency modulator 1s pre-coded such that frequency shiit
keying 1s respectively carried out 1n the case of a 10 or 01
change. This frequency shiit keying 1s required 1n the case of
101 sequences. In contrast, in the case of longer 11 sequences
or 00 sequences, no frequency shift keying 1s carried out. An
amplitude modulator which suppresses the broad signal spec-
trum produced during frequency shift keying 1s connected
downstream of the frequency modulator. As a result, further
spectral lines, apart from the spectral lines adjacent to the
original carrier frequency, disappear in the case of a 1010
signal sequence. The spectrum remains narrow even in the
case of a real data signal.

The circuit can be constructed 1n a particularly cost-elfec-
tive manner if a directly modulated laser 1s used as the source
of the carrier signal and as the frequency modulator.

A suitably designed drive circuit makes it possible to com-
pensate for asymmetry 1n the amplitude, to optimize the trans-
ter signal with regard to a desired chirp, and to compensate for
delay time differences.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention 1s described 1n more detail using figures, in
which:

FIG. 1 shows a first exemplary embodiment of the mnven-
tion.

FIG. 2 shows a varniant of the invention which can be
implemented 1n a cost-effective manner.

FIG. 3 shows a timing diagram.
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2
DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a block diagram of the modulator. A carrier
frequency signal TS which 1s supplied to a frequency modu-
lator 2 1s generated by a laser 1 or another signal source. The
frequency-modulated output signal FTS from said frequency
modulator 1s supplied to an amplitude modulator 5 which
modulates on a binary signal, the data, and thus generates a
transier signal LS. The latter 1s emitted via a bandpass filter 6,
il necessary. The frequency modulator i1s controlled by the
binary signal using a first drive circuit 3 and the amplitude
modulator 1s controlled by the binary signal using a second
drive circuit.

The method of operation of the modulator device 1s now
explained 1n more detail using a timing diagram which 1s
illustrated 1n FIG. 3. The binary signal BS 1s 1llustrated in the
first row of the timing diagram. It begins with a 10101
sequence which gives rise to the broadest spectrum 1n the case
of modulation. The frequency modulator 2 carries out fre-
quency shift keying by the first drive circuit 3 for each 10
sequence. The first drive circuit 3 includes a precoder 31, 32
having a shiit register 31 and a logic circuit 32. The binary
signal 1s written into the shaft register 31. The illustration of
the binary signal BS relates to the output of the first tlip-tlop
of the shift register 31 (the associated clock signal has not
been 1llustrated). The occurrence of a 10 sequence 1s checked
in the logic circuit 32. I this sequence occurs, for example
after the first logic 1 or at the beginning of the first completely
illustrated logic zero, a tlip-flop 33 1s triggered, with the result
that 1ts 1mitial state changes. A frequency modulation signal
FMS, which gives rise to frequency shiit keying from the
frequency 11 to 12, 1s generated thereby by a first filter
arrangement 35 which generally also carries out electrical
matching to the frequency modulator. Frequency shift keying
between 12 and 11 1s carried out again in the case of the next
10 combination, which is then repeated 1n the case of further
10 sequences. The frequency profile of the frequency-modu-
lated signal F'T'S corresponds to the profile of the amplitude A
of the frequency modulation signal. The modulation 1ndex 1s
intended to be between 1.8 and 2.6; the carrier 1s suppressed
in an optimum manner at approximately 2.4. An optimum
signal quality 1s achieved, in particular, with a modulation
index of approximately 2.0.

The third row shows a sinusoidal frequency modulation
signal FMS which 1s at half the fundamental frequency of the
binary signal 1n the case of a 10 sequence. It 1s shaped (f
necessary) by the first filter arrangement 35 which also pro-
vides the required drive voltage for the frequency modulator
in this case.

The fourth row illustrates a frequency modulation voltage
FMS1 for an advantageous variant of the modulation device,
in which unnecessary frequency shift keying 1s avoided. Fre-
quency shift keying 1s carried out whenever there 1s a 101
sequence. For this purpose, a further mnput signal 1s supplied
to the logic circuit via the dashed connection 1n FIG. 1.

In the fifth row, frequency shift keying 1s no longer carried
out by a sinusoidal frequency modulation voltage but rather
takes place 1n the half period before 1t. For the rest, the FM
modulation voltage FMS2 corresponds to the modulation
voltage 1n the third row.

The binary signal 1s impressed in the amplitude modulator
4. It takes place for the correct temporal assignment of an
amplitude modulation signal AMS to the frequency modula-
tion signal or at the times during which frequency shift keying
1s carried out. The second row shows a square-wave (dashed)
modulation signal, which, apart from a necessary time delay,

corresponds to the binary signal BS, and the sinusoidal ampli-
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tude modulation signal AMS. During frequency shift keying,
the frequency-modulated signal FTS must be suppressed as
far as possible and the amplitude of the transfer signal LS
must thus be zero as far as possible so that the interfering
frequency components are masked. This 1s the case with a
combination of the frequency modulation signal FMS and the
amplitude modulation signal AMS. The time function 1n the
lowest, sixth row shows the amplitude profile of the transfer
signal for this combination of sinusoidal amplitude modula-
tion and frequency modulation FMS.

If, 1n contrast, the variant 1s implemented with frequency
shift keying for 101 sequences according to row 4 or 5, the
amplitude modulation voltage 1s delayed by the duration of
one bit, as illustrated 1n FI1G. 2. It goes without saying that the
delay times of lines and components 1s taken into account for
the high data rates.

FIG. 2 shows a variant of the modulator device, in which,
instead of an external frequency modulator, a directly fre-
quency-modulated laser 1, 2 1s used as the generator of the
carrier signal TS and as the frequency modulator. However,
amplitude modulation also occurs 1n this case and should be
compensated for. In order to compensate for asymmetry 1n the
different amplitudes during frequency shift keying and also to
compensate for the delay times caused by dispersion of the
transmission fiber, the first drive circuit includes an asym-
metrical or controllable first delay element 34 and the second
drive circuit 5 includes an asymmetrical or controllable sec-
ond delay element 51 and a controllable attenuation element
52. The delay elements make 1t possible to compensate for the
different delay times of a transmission path for both shiit
keying frequencies 11 and 12 (this may also be carried out at
the receiving end); the controllable attenuation element 52
compensates for the different amplitudes of the frequency-
modulated signal FTS. These functions which are illustrated
only basically here can be implemented using numerous cir-
cuit variants.

The mvention claimed 1s:

1. A modulator for generating an optical transfer signal
modulated by a binary signal, comprising:

a Irequency modulator which modulates an optical carrier

signal;
a precoder which 1s supplied with the binary signal and
uses a first drive circuit to control frequency shift keying
by the frequency modulator when a 1-0 sequence or a
0-1 sequence of the binary signal;

an amplitude modulator which i1s supplied with a 1fre-
quency-modulated signal by the frequency modulator;
and
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a second drive circuit for the amplitude modulator, which
circuit 1s supplied with the binary signal and suppresses
the frequency-modulated signal generated by the fre-
quency modulator during frequency shift keying and
generates the optical transfer signal with a narrow spec-
trum.

2. The modulator as claimed 1n claim 1,

wherein

the first drive circuit 1s designed such that the frequency-
modulated signal has a modulation index of between 1.8
and 2.6.

3. The modulator as claimed 1n claim 2,

wherein

the precoder 1s designed such that frequency shift keying 1s
carried out during a 1-0-1 sequence.

4. The modulator as claimed 1n claim 1, wherein

at least one of the first drive circuit and the second drive
circuit are designed such that driving 1s effected using
sinusoidal modulation signals.

5. The modulator as claimed 1n claim 1, wherein

the first drive circuit 1s designed such that frequency shiit
keying 1s carried out within the duration of one bat.

6. The modulator as claimed 1n claim 1, wherein

at least one of the first drive circuit and the second drive
circuit include a controllable delay element to compen-
sate for the different propagation speeds of the fre-
quency-modulated signals.

7. The modulator as claimed 1n claim 1, wherein

a directly modulated laser 1s used to generate the carrier
signal and 1s simultaneously used as the frequency
modulator.

8. The modulator as claimed 1n claim 1, wherein

the first drive circuit includes a first filter arrangement for
optimum pulse shaping.

9. The modulator as claimed 1n claim 1, wherein

the second drive circuit drives the amplitude modulator
differently on the basis of the frequency of the signal
emitted by the frequency modulator, such that the ampli-
tude of the transfer signal remains the same when a logic
1 1s ematted.

10. The modulator as claimed in claim 1, further compris-

Ing:

a bandpass filter for eliminating signal elements with unde-
sirable frequencies 1s connected downstream of the
amplitude modulator.
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